This randomized, parallel-group study in patients inadequately controlled on olmesartan medoxomil/amlodipine (OLM/AML) 40/10 mg assessed the effects of adding hydrochlorothiazide (HCTZ) 12.5 mg and 25 mg, using seated blood pressure (SeBP) measurements and ambulatory blood pressure (BP) monitoring. Enrolled patients were screened and tapered off of therapy if required. All patients received OLM/AML 40/10 mg and those with mean seated BP (SeBP) ≥140/90 mm Hg after 8 weeks (n=808) were randomized (1:1:1) to continue with OLM/AML 40/10 mg or receive OLM/AML/HCTZ 40/10/12.5 or 40/10/25 mg for a further 8 weeks. The primary endpoint was the change in seated diastolic BP (SeDBP) from the start to the end of the randomized treatment period. The addition of HCTZ 25 mg significantly reduced SeDBP (À2.8 mm Hg; P<.0001), lowered seated systolic BP (SeSBP) and ambulatory DBP and SBP, and improved BP goal rates. In patients uncontrolled on OLM/AML 40/10 mg, adding HCTZ led to further BP reductions, particularly in ambulatory BP.
For the majority of patients with elevated blood pressure (BP), antihypertensive therapy with a single agent is not sufficiently effective. To lower BP to levels recommended by treatment guidelines, the majority of patients require combination therapy. 1 Clinical trials have shown that combination therapy is associated with increased BP reductions and high levels of BP control. [2] [3] [4] However, a recent European survey found that fewer than 40% of treated hypertensive patients had BP <140/90 mm Hg. 5 This issue is addressed in the 2013 European Society of Hypertension/European Society of Cardiology (ESH/ ESC) guidelines for the management of arterial hypertension in a section dedicated to the improvement of BP control. 1 This notes that a key contributor to poor BP control is poor adherence to treatment, a common and widespread issue associated with elevated BP and increased risk of cardiovascular (CV) events. 1 Since hypertension is common and increases in prevalence with advancing age, many patients may need to take medications for other conditions. Many patients need two or even three antihypertensive drugs to achieve BP control, and so pill intake can easily become a burden.
To address this issue, single-pill fixed-dose combinations (FDCs) have been developed. The 2013 ESH/ESC guidelines favor the use of single-pill combinations of two antihypertensive drugs at fixed doses because reducing pill burden improves adherence. The guidelines also note that the same guidance is true for FDCs of three drugs, which usually comprise a blocker of the renin-angiotensin system (RAS), a calcium channel blocker (CCB), and a diuretic. 1 Combinations based on agents that block the RAS, especially angiotensin II receptor blockers (ARBs), are associated with good BP-lowering efficacy and excellent tolerability. 6 Combining ARBs with agents such as CCBs and diuretics offers increased BP-lowering with little or no effect on tolerability. 6 A single-pill fixed-dose triple combination of the ARB olmesartan medoxomil (OLM) plus the CCB amlodipine (AML) and the diuretic hydrochlorothiazide (HCTZ) has been developed for patients with hypertension. The efficacy and safety of fixed-dose triple-combination therapy with these three agents has previously been established. 7, 8 In this report, we describe a study that assessed OLM/AML/HCTZ as second-line add-on therapy in patients whose BP was inadequately controlled on dualcombination therapy. The study used conventional seated diastolic BP (SeDBP) as the primary efficacy parameter, with seated systolic BP (SeSBP) and 24-hour ambulatory BP monitoring (ABPM) as secondary measures.
PATIENTS AND METHODS

Study Population
Eligible patients, aged 18 years and older, were included based on their history of antihypertensive therapy. Patients who were not taking antihypertensive therapy at screening, and patients receiving combination anti-hypertensive therapy prior to the study that did not include OLM, AML, or HCTZ (who were tapered off their medication within 5 weeks of screening), were required to have a mean SeSBP ≥160 mm Hg and a mean SeDBP ≥100 mm Hg. Criteria for patients receiving a stable dose of antihypertensive monotherapy for 4 weeks prior to screening were a mean SeSBP ≥150 mm Hg and mean SeDBP ≥95 mm Hg. Also, patients receiving a stable dose of any combination of OLM, AML, or HCTZ therapy for 4 weeks prior to screening were required to have a mean SeSBP ≥140 mm Hg and mean SeDBP ≥90 mm Hg.
Key exclusion criteria included uncontrolled type 1 or 2 diabetes, clinical evidence of renal disease, secondary hypertension, or severe heart failure (New York Heart Association class III-IV). Patients with myocardial infarction, unstable angina pectoris, percutaneous coronary intervention, heart failure, hypertensive encephalopathy, cerebrovascular accident (stroke), or transient ischemic attack within the previous 6 months were also excluded. In addition, patients already taking four or more antihypertensive agents were excluded. In addition, patients with a mean SeSBP ≥200 mm Hg, mean SeDBP ≥115 mm Hg, 24-hour ambulatory diastolic BP (DBP) >104 mm Hg, or bradycardia (heart rate <50 beats per minute at rest) were excluded or immediately discontinued if such observations were made during the study.
Study Design
This was a phase III, randomized, parallel-group, multicenter, multinational, add-on study (ClinicalTrials.gov identifier: NCT00902538). The study design ( Figure 1 ) included a screening/tapering-off period (1-5 weeks), a single-blind run-in, and a randomized double-blind add-on period.
The protocol, amendments, and informed consent document were approved by the independent ethics committee for each center prior to study initiation. This study was designed and monitored in accordance with the Declaration of Helsinki. Written informed consent was received from all patients prior to admission. 16 . If required, patients began a washout period within 3 weeks of screening and were tapered off their medication over the course of 1 to 2 weeks. SeBP was measured at screening and each subsequent study visit. The mean of three measurements was recorded as the SeBP value for that visit. ABPM was performed at weeks 0, 8, and 16 and began 24 hours prior to the visit after study medication intake. The 24-hour profiles were recorded with standard measurement devices and readings taken at intervals of at least 15 minutes during the daytime (6 AM-9:59 PM) and at least 30 minutes during the nighttime (10:00 PM-5:59 AM). Baseline BP was the last measurement prior to the first dose of double-blind medication in period II.
Patients were instructed to take their study medication at the same approximate time every morning. Compliance was assessed by counting tablets in study medication kits that were returned at each visit.
Efficacy Assessments
The primary efficacy endpoint was the change in mean SeDBP from baseline to week 16 after 8 weeks of double-blind treatment with the last-observation-carried-forward (LOCF) method. Secondary efficacy variables included the change in mean SeDBP from baseline to week 12 and the change in mean SeSBP from baseline to weeks 12 and 16 with the LOCF method. In addition, achievement of SeBP goal (SeBP <140/90 mm Hg, or <130/80 mm Hg for patients with diabetes, chronic renal disease, or chronic CV disease) and SeBP thresholds (SeBP <140/90 mm Hg, SeSBP <140 mm Hg, and SeDBP <90 mm Hg) were assessed from baseline to week 16 with LOCF; note that the study was designed before the ESH called into question the validity of the <130/80 mm Hg goal for patients with diabetes. 9 In addition, least-squares (LS) mean changes in 24-hour, daytime, and nighttime ambulatory BP from baseline to week 16 with LOCF were measured. The achievement of 24-hour ambulatory BP goal (BP <140/90 mm Hg, or <130/80 mm Hg for patients with diabetes, chronic renal disease, or chronic CV disease) and ambulatory BP thresholds (BP <130/85 mm Hg, <130/80 mm Hg, and <120/80 mm Hg) were also assessed from baseline to week 16 with LOCF.
Safety Assessments
Safety and tolerability were assessed at each clinic visit. This included adverse events (AEs), vital signs, electrocardiogram tests, physical examinations, and clinical laboratory evaluations. Investigators assessed the severity of AEs and whether they were treatment-related. Serious AEs were defined as any untoward medical occurrence that at any dose resulted in death, was life-threatening, required in-patient hospitalization or prolonged an existing hospitalization, resulted in persistent or significant disability/incapacity, was a congenital anomaly/birth defect, or any other medically important condition. In addition, important medical events that did not result in death, were not lifethreatening, or did not require hospitalization could be considered a serious adverse experience when, based on appropriate medical judgment, they jeopardized the patient and required medical or surgical intervention to prevent one of these outcomes.
Laboratory variables were measured at screening and at weeks 0, 8, and 16, and electrocardiogram tests were performed at screening and week 16. Vital signs (SeBP, weight, and heart rate) were taken at each visit prior to taking blood for laboratory evaluations. SeBP was measured at trough, after the patient had been sitting for at least 5 minutes. For safety reasons, patients were given home BP monitors and diaries at week 0 and instructed to record their BP before taking their daily study medication. Investigators reviewed the diaries and patients were asked to contact investigators if their home SBP was ≥160 mm Hg or home DBP was ≥100 mm Hg. The home BP recordings by patients were not collected or entered into the study database.
Statistical Methods
The hypothesis was that 8 weeks of treatment with OLM/AML/HCTZ 40/10/12.5 mg or 40/10/25 mg would reduce SeDBP by ≥2.5 mm Hg than OLM/ AML 40/10 mg therapy. By setting the two-sided significance level at .05, it was estimated that 666 randomized patients (222 per arm) would be required to complete period II to detect a difference of 2.5 mm Hg between OLM/AML/HCTZ and OLM/AML with 80% power. Assuming a possible dropout rate of 15%, a total of 786 patients (262 patients per arm) were estimated to be required in period II. It was also estimated that 60% of the patients would reach goal at the end of period I and subsequently planned that a total of 1965 patients would be enrolled.
The randomized analysis set included all patients who were randomized to treatment during period II and had a randomization date. The full analysis set included all randomized patients who received at least one dose of double-blind study medication and provided at least one SeDBP measurement after randomization. The primary efficacy analysis was performed on the full analysis set. Safety analyses were performed on the safety analysis set, which included all randomized patients who received at least one dose of double-blind study medication in period II. Treatment comparisons were performed using an analysis of covariance model. The model included baseline BP as a covariate and treatment, age group (<65 years, ≥65 years), and diabetic status as fixed effects. Dunnett's test was also used to adjust the P values in order to control the overall twosided type I error rate at a .05 level of significance.
RESULTS
Study Population
Of 3420 patients screened, 1216 (35.6%) discontinued before period I, the most common reason being failure to satisfy inclusion/exclusion criteria (1039 patients [30.4%]). Of the 2204 patients who entered period I, 2086 (94.6%) completed this part of the study. The main reasons for discontinuation were AEs (49 patients [2.2%]), patient withdrawal from the study (30 patients [1.4%]), and protocol violation (22 patients [1.0%]). Of the remaining patients, 1235 (56.0%) met BP criteria for randomization into period II; there were 427 patients (19.4%) who did not continue to period II. A total of 808 patients (randomized analysis set) were randomized to double-blind treatment during period II, 785 (97.2%) of whom completed this part of the study; nine (1.1%) patients discontinued because of an AE, four (0.5%) patients withdrew from the study, four (0.5%) patients discontinued because of protocol violations, two (0.2%) patients were lost to follow-up, and four (0.5%) patients discontinued for other reasons.
Both the full analysis set and the safety analysis set each comprised 806 patients (99.8%). Randomized patients included 469 men (58.0%) and 339 women (42.0%) and 99.9% were Caucasian; the mean age was 55.8 years and the mean weight was 88.2 kg. Of the randomized patients, 12.9% were diabetic, 36.0% had CV disease, and 2.5% had chronic renal disease. The population had a mean body mass index of 30.4 kg/m 2 . The mean duration of hypertension was 9.9 years, mean baseline SeSBP/SeDBP was 148.3/93.6 mm Hg, and mean baseline 24-hour ambulatory BP was 130.4/ 80.0 mm Hg (Table I) . Overall, there were no significant differences among treatment groups in terms of baseline patient characteristics and BP measurements. Mean compliance with treatment, which ranged from 99.0% to 99.9%, and the use of concomitant medications was similar among treatment groups.
Efficacy
Changes in Seated BP. The mean change in SeDBP levels from baseline to week 16 (primary efficacy variable) after 8 weeks of double-blind treatment was larger in the two triple-combination groups than in the OLM/AML group (Table II) Table II ). In each of the three groups, mean SeDBP and SeSBP levels were significantly reduced at weeks 12 and 16 relative to baseline (P<.0001 for each LS mean difference).
Achievement of SeBP Goal and Thresholds. At week 16, the addition of HCTZ to OLM/AML 40/10 mg enabled a greater proportion of patients to reach SeBP goal (using LOCF) compared with those who continued on OLM/AML 40/10 mg. The increase in the proportion of patients at goal was statistically significant for Table III . For each ambulatory BP threshold, both triple-combination groups showed significantly higher achievement rates than the OLM/ AML 40/10 mg group.
Tolerability and Safety
Treatment was well tolerated in the triple-and dualcombination groups and no new safety concerns were identified for either treatment. An overview of treatment-emergent AEs (TEAEs) and a selection of the most clinically relevant by preferred term are listed in Table IV . The proportion of patients with TEAEs was low in all three treatment groups and ranged from 13.4% to 15.0%. The frequency of drug-related TEAEs was also similar in the triple-and dual-treatment groups, ranging from 5.2% to 5.6%. Most TEAEs and drug-related TEAEs were considered mild or moderate in severity. In addition, no patients had a serious AE that was considered drug-related and there were no patterns of TEAE incidence that signified there might be a safety or tolerability issue in any particular treatment group. A total of nine patients (1.1%) discontinued because of any AE and seven patients (0.9%) discontinued because of any TEAE or any drug-related TEAE (Table IV) . There was a similar frequency of discontinuation because of an AE, TEAE, or drug-related TEAE in the triple-and dual-combination groups.
DISCUSSION
This add-on study demonstrated that OLM/AML/ HCTZ is effective as second-line therapy in patients whose BP was inadequately controlled on the dual combination of OLM/AML 40/10 mg. The majority of the differences in SeBP changes between the triple and dual groups were statistically significant. The differences between the groups in ambulatory BP provided further evidence of the benefits of adding HCTZ to dualcombination therapy with OLM/AML 40/10 mg. The significance of this study is that it demonstrates, in a large population, the benefit of add-on HCTZ in patients whose BP is uncontrolled on the recommended, full dose of dual-combination therapy (OLM/AML 40/ 10 mg) and who need additional treatment to reach BP goal. Since all patients who were randomized were uncontrolled on dual therapy, this approach is reflective of real-life clinical practice. The superiority of triple-vs present findings are supported by analyses of changes in ambulatory BP, a more accurate and robust method of BP measurement than BP recordings made in the clinic setting. [9] [10] [11] Changes in ambulatory BP were assessed in the TRINITY study, but only in a relatively small subset of patients, 12 whereas in the present study, ABPM was carried out in all patients. The ABPM data presented here support the findings from the TRINITY ABPM substudy and show that OLM/AML/HCTZ triple-combination therapy effectively reduces BP over the 24-hour dosing period.
In the present study, each dose of triple-combination therapy produced a significantly larger reduction in ambulatory SBP and DBP compared with patients who continued on the dual combination, and there was evidence of a dose effect. Achievement of ambulatory BP thresholds was also improved by the addition of HCTZ. This difference between seated and ambulatory BP measurements highlights the advantages of ABPM, which includes absence of "white-coat" hypertension. [9] [10] [11] The availability of single-pill fixed-dose combinations containing three antihypertensive agents offers major benefits for the management of hypertension. For patients who require several medications to control their BP, single-pill FDCs have been recommended by treatment guidelines for some time, as these reduce pill burden and favor compliance. 1, 13, 14 The TRINITY study compared high doses of dual-and triple-combination therapy and demonstrated that triple-combination therapy provides significantly larger BP reductions. 7 A study reported by Volpe and colleagues 8 showed increased BP-lowering with triple-vs dual-combination therapy across a range of doses. After completing the double-blind study described by Volpe and colleagues, patients entered a long-term open-label extension in which they were treated, according to investigators' preferences, with the aim of maintaining BP control. This extension, designed to reflect general clinical practice, showed that BP reductions were maintained over the long-term and associated with a high BP control rate (78.1%). 15 The present results add to these findings by demonstrating that adding HCTZ can increase BP-lowering in patients with inadequate BP control on a dual combination.
The availability of a treatment option that allows a patient's treatment to be initiated as monotherapy and then intensified to dual-and even triple-combination therapy whilst using a single once-daily pill throughout offers advantages for hypertension management. Some authors have suggested a treatment platform that enables the matching of appropriate dual or triple FDCs with patient types, which is based on clinical evidence, guidelines, and best practice. 6 Considering the gap between BP control achieved in clinical trials and the general hypertensive population, the availability of such a platform may offer significant clinical benefits. 6 In this study, relatively large changes in SeBP were seen in the group that continued with dual-combination treatment and received a placebo instead of HCTZ. Similar results have been observed in other antihypertensive trials with a "nonresponder" design. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] For fixed-combination medicinal products, the European Medicines Agency (EMA) prefers that confirmatory clinical trials use a parallel-group design. 26 Furthermore, the use of a randomized study in a population of patients whose BP cannot be controlled at the prior stage is recommended for the development of secondline antihypertensive therapies. 27 Thus, the regulatory preference for nonresponder studies is likely to have contributed to the smaller-than-expected between-group differences in SeBP reductions. Patients who were randomized to continue with OLM/AML 40/10 mg during weeks 8 to 16 showed a form of placebo effect, which undoubtedly resulted from the change from single-blind to double-blind treatment. When the effects of treatment on BP were assessed using ABPM, this placebo effect was less pronounced.
The present study also showed that OLM/AML/ HCTZ triple-combination therapy is well tolerated, with a favorable tolerability profile that is comparable with that of OLM. 28 The incidence of AEs was low in all three treatment groups during the study, and no new safety concerns were identified. The frequency and severity of TEAEs were similar among the three treatment groups, as were TEAEs leading to discontinuation.
CONCLUSIONS
In patients with inadequately controlled hypertension on the high-dose dual combination of OLM/AML, the addition of both HCTZ 12.5 mg and 25 mg increased reductions in seated and ambulatory BP goals. Furthermore, triple-combination therapy improved achievement of seated and ambulatory BP targets. Larger-thanexpected changes in SeBP were seen in the group that continued with dual-combination therapy. This finding was undoubtedly related to the nonresponder parallelgroup design of the trial, which was based on regulatory criteria. When changes in BP were assessed using ambulatory BP, the between-group differences were larger and more significantly in favor of the triplecombination group. All treatments were generally well tolerated.
